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THE DRAG OF AIRSHIPS . 
By Clinton H. Eavill. 

PART I 
Summary 

In order to begin research on the drag of airships it -was 
first necessary to make a logical digest of the reported past 
performances and data given on deceleration tests for a large 
number of airships. That these data may become available for 
airship designers in a compact form is the purpose of this re- 
port, as well as to serve as the basic; on which the author is 
continuing his researches, Trhich will be given later in Part II 
(Technical Note No. 248) <■ 

This digest as given here in part I was begun in September, 
1923, and worked on intermittently until December, 1925. 

The outstanding results are as follows: 

1. In general, the maximum speed of most airships was re- 
ported about 5 per cent higher than obte.ined in this report. 

2. Total maximum horsepower was reported in many cases 
higher and in a few cases lower, than obtained in this report. 

3. Propulsive coefficients at maximum speeds are in gen- 
eral lower than the reported values. Coefficient 11 C" is con- 
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stant and the propeller efficiency "E" is reduced as at maxi- 
mum speed that the propulsive coefficient "K" falls off. 

4. It ras further noted that several ships of widely dif- 
ferent designs had nearly the same drag coefficient for the. 
whole ship. However, this is looked upon as a coincidence in 
the cases where the type of hull, cars, and surfaces differed 
widely. 

5. That in general an idling propeller was found to have 
about fifteen square feet area of drag while a stopped propel- 
ler had about six square feet area of drag. This was found by 
working out the area of drag from the ship's performance and 
comparing it with the area of drag as obtained on the decelera- 
tion test with either stopped or idling propellers as the case 
was reported. In some cases this difference of area worked out 
to be 8 or 9 square feet per propeller , but with certain types 
of engines it is possible that all engines were not stopped but 
that one or two were left idling during the deceleration tests- 

Applied values of principle data and results are given in 
Table I and Fig. 3. 

Introduction 

At the beginning of the research - "The Drag of Airships" 
it was immediately discovered that there was much conflicting 
data on record concerning any given particular ship. Decelera- 
tion tests hacl been performed on some ships, yet the results of 
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these tests did not aly/ays agree with that held on exactly simi- 
lar ships. The reported maximum speeds, propeller efficiencies, 
and maximum horsepower would give a drag coefficient that dif- 
fered widely from that reported or found on the deceleration 
tests. Or, again, using the drag coefficient found on deceler- 
ation tests together with the maximum horsepower and reported 
maximum speed would in many cases give a propeller efficiency 
that was highly improbable. 

A digest by Lipka l s empirical method of digesting inconsist- 
ent data was applied to the following quantities: maximum speed, 
maximum total horsepower, propulsive coefficient; at maximum 
speed, propeller efficiency at maximum speed, area of drag 
(poorer on), and drag coefficient for the whole ship. This was 
done not only for the data concerning each individual ship but 
taking into account the relation between ships on the two quan- 
tities of drag coefficient and propeller efficiency upon which 
many quantities depended- The method of how this relation was 
obtained is explained fully in the explanation of Lipka's method 
as given later in this reporb. 

The reasons for undertaking this problem was primarily to 
digest the results already obtained in flight on full-sized 
ships so that the results could be used for further research 
work as will be given later in Part II (Technical Note No. 248). 

The scope of the work extends over nearly all the Zeppelin 
ships together with five types of nonrigid airships. The method 
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used is lipka 1 s empirical method of digesting inconsistent data 
and is explained as follows: 

The method chosen for the digestion of inconsistent data 
is the invention of the late Professor Joseph Lipka. It is de- 
scribed as the "method of selected points" in Professor Lipka* s 
book "Graphical and Mechanical Computation." This method is 
frankly empirical, and has not the rigid mathematical justifi- 
cation of the method of least squares, but it is far less labor- 
ious, and has the great advantage for the present problem that 
data which is known to be especially reliable can arbitrarily 
be given more weight than other data of less certain accuracy. 

Lipka 1 e method does not always give results converging 
to consistency. If the sum of the errors is very large, each 
approximation shows increasing divergence from consistent val- 
ues, showing that the data is too unreliable to be considered. 



Lipka' s empirical method of making inconsistent data con- 
sistent with the theoretical mathematical relation that exists. 
As a simple example, Case l: 



Explanation of Lipka 1 s Empirical Method 



for the Digest of Inconsistent Data 



A rectangle actually exists as in Fig. 1. 



T 



An observer measures side "a" and reports 5.1 



a=5 A=20 



it 



it 



ii 



ii 



"b" 



ir 



1! 



3.9 




it 



ii 



ir 



area "A" 



ii 



ii 



20.11 



Fig.l 
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These reported values have "been measured perhaps by differ- 
ent observers at different tines and the accuracy of their data 
is not known as yet; for the purpose of research, let us there- 
fore assume that ab = A must hold true to four (4) significant 
figures. This is analogous to the reported data concerning a 
single airship. Yet with airships, the reported values of drag 
coefficient, horsepower, maximum speed, propeller efficiencies 
at maxaraum speed, and propulsive coefficient are interconnected 
by mathematical relations and would only serve to complicate 
the explanation of the method. The relation between different 
ships will be later explained analogous to using two rectangles. 
Reported values 



a = 5.1 

b = 3.9 
A = 20.11 



Assume A and b correct, then a = = 5.146 



= k = 
b 

_ A _ 



Assume A and a correct, then b = — = 3.943 

a 

Assume a and b correct, then A = ab = 
5.1 x 3.9 = 19.89 



These values of a, b, and A are the 1st approximation: 



1st approximation 

a = 5.146 
b = 3.943 
A = 19.89 



Reported a 



5.1 



1st a-oprox. a = 5.145 
2:10.246 



5.123 = 1st mean value of a 



Reported b = 3.90 
1st approx. b = 5.945 
2: 7.843 



3.922 = 1st mean value of b 



Reported A = 20.11 
1st approx. A = 19.8 9 
2:40.00 



20.00 = 1st mean value of A 
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Test for consistency ab = 5-123 x 3.922 = 20-092 = A, calculated 

value. 

1st mean value of A = 20.00 

.092 

Consistent to only three significant 
figures- 

Now consider these mean values as new reported values and con- 
tinue the process to the second approximation. 
Similar to method of first approximation: 

o — 1st mean A _ 20 > 00 _ _ s1v , TriY _ c.nqq 

a " 1st mean h " ^922 ~ a ' 2d & ^> TOX ' ~ 5 ' 099 

t = 1st mean 4 = 20-00 " = b 2 d " = 3.903 

let mean a 5^.-23 . ... 

A = (ist mean a) (1st mean b) = 5.123 X 3.922 = 20.092 = A, 

2d approx. 

(Check for consistency, A = 5.099 x 3.903 = 19.901.) 

a b A 

Last mean value . 5-133 3.922 20,00 

2d approx- 11 5 -099 5.903 20.-092 

2d mean " 5-111 3.909 20.046 

Mean value = Last. nean + last app rox^ 

a _ 2d mean_A = . 2Q^gi§. _. 5 . 12 g = a 3d approx- 
2d mean b 3-908 

b = 2d mean A = 20 r 046 = 3<922 = b 5d « 
2d mean a 5.111 

A = (2d mean a) (2d mean b) = 5-111 x 3.908 = 19-9737 = A, 

3d approx. 

a b A 

Last mean value 5-111 3.908 20.046 

3d approx. 11 5-129 3.922 19.9737 

3d mean " 5-120 3.915 20.0098 1 
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a = 3d mean A 3 2g.-g£|8 = 5. Ill = a, 4th approx. 
3d mean b 3.Sxo 

b = 3d mean A = 30.0098. = 3i>908 = b 4th ir 
3d mean a 5.120 

A = (3d mean a) (3d mean b) = 5-120 x 3.915 = 20.0448 = A, 

4th approx. 

(Check for consistency, 5.111 X 3.908 = 19.9738.) 

a b A 

Last mean value 5.120 3.915 20.0098 

4th approx. « 5.111 3.908 20.0448 

4th mean » 5.115 3.912 20.0273 

_ 4th mean A _ 20.0275 _ 5 n-j^g = a 5th approx. 
a ~ 4th mean b 3.912 

■h = 4th mean A _ 20.. ,02 7 3 = 3#gi5 = aj 5t h 11 
4th mean a 5. Ho 

A = (4th mean a) (4th mean b) = 5.115 X 3.912 = 30 
(Check for consistency, 5.119 x 3.315 = 20.0403.) 

a b A 

Last mean value 5.115 3.912 20.0273 

5th approx. » 5.119 3.915 20-0098 

5th mean » 5.117 3.914 20.0185 

_ _ 5th mean A _ 30. 0185 _ 5c xi4 = 6th approx. , a 
a ~ 5th mean b 3.914 

v = 5th mean A _ 20.018 5 _ 3.912 = 6th approx., b 
5th mean a 5.117 

A - (5th mean a) (5th mean b) = 5.117 x 3.914^ 20.0279 - ^ 
(Check for consistency, 5.114 X 3.912 = 20.0059.) 

a b A 

Last mean value 5.117 3.914 20.0185 

6th a P prox. » 5.114 3.912 20.0279 

6th mean 11 5.1155 3.913 20.0237 
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6th mean A = 20^Q2|7 = 5 .1170 = a, 7th approx. 
a 6th mean b 3-913 

fit.fr. mean A = 20^0|31 = 3 .9143 = o, 7th " 
"° ~ 6th mean "b 5-1155 

, \ c n y *^ 913 = 20.0159 = 
A = (6th mean a) (6th mean d) = 5.115b x o. ^ ^ appxox . 

= n 1 ? v ^ 9143 = 20.0294.) 
(Check for consistency, 5.117 x 3.91^ 

a ° A 

<r n(w ^ 9136 20.0203 
Last mean value 5-1162 3.yi.oo 

p. -,55 3.9131 20.02276 
8th approx. w-j-oo 

* 1158 3.9134 20.02153 
8th mean " wiJ-s* 

_ 8Jh_meanJ, = 2£b03lE. = 5 . ll61 = a, 9th approx. 
a ~ 8th mean b 3-91o4 

8thm§an_A = 2°^fig§- = 3.9136 = b, 9th 
D ~ 8th mean a 5.il5b - _ 

n e -ir; x 3 9134 = 20.02017 - 
a = (8th mean a) (3th mean d) = 5-xlbd . . ^ approx. 

= iiRi x 3 9136 = 20, 02236, ) 
(Check for consistency, 5.1161 x 

significant figure 8 ■ 
■ Consistency exists to four ,4) sxgnxi 

. th P n -aken from the 9th approxxmatxon as 
The desired values are then u a*en 

- 116 . * = 3-914;.. A = 20.02; 
follows: a = 5- lib, » 

v v nv» — A - 5.116 x 3.914 = 20.0240. 
as check, ab = A — o-j-j-« 
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Case 3. 

Uow let us consider as example two rectangles which actually 
exist, as follows: 

^1=4 bo =3.9 



ai = 6 



A n = 34 



I 



A 2 = 19.5 



a 2 = 5 



Fig. 2 

It is known (let us say) that human endeavor tried to make side 
bx = side b s . ' This is analogous to two types of Bhips built 
say in the same 3 r ear, with no apparent advancement in the art of 
propeller design compass od to the ships just before and just 
after the building of these two ships. It then is safe to say 
that these two ships would have as far as is known the same pro- 
peller efficiencies. On this relation that side b x = side b 3 
the following will be worked out: 

The reported values are 

1st rectangle 2d rectangle 

b x = 3.95 b s = 3.99 

a x = 6.03 a 3 = 4.94 

kj = 24.05 A 2 = 19.80 



Mathematical relations 
in this case 

a x bn = A, 
a2 bg = A 2 
b ! = b2 
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Assuming consistency to three significant figures is consid- 
ered sufficient. Proceed similarly to Case 1. 



h. = 24. 05 _ ~ 
b x 3.95 



&i -■= = = 6-088 = a lf ■ 1st approx. 



a 3 
b 



& = 2 fM - 4 - 962 ■ a =- lst 



• - £■ - W = *- 008 - 1Gt " 

Aj = a x o, = 6.08 X 3.95 = 24.016 = A x , 1st approx. 
As = ae b 2 = 4.94 X 5.99 = 19.710 = A a , 1st » 
Now consider the relation b x = b 3 : 
bj_ , 1st approx. = 3.955 
b s j " " = 4.008 

(mean value) cal. = 3.982 to be averaged into the mean 

values . 

Last mean (in this case reported data): 

a x b x Ai ^ bg A, 

Last nean 6.08 3.9 5 24.0 5 4.9 4 3.99- 19.80 

1st approx. 6.038 3.955 24.016 4.962 4.008 19.710 

(mean value) cal. 3.982 3.982 

1st mean value 6.084 3.982 24.033 4.951 3.993 19.755 

It is to be noted that the assumption that bj. = bs based 
on human endeavor is given equal weight with reported data and 
hence enters the mean value only once, having thus one- third ef- 
fect on the mean values of b a and b 2 . However, if (in the case 
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of ships) a certain data, say as obtained from deceleration tests 
is assumed to be highly correct, this can be given greater weight 
by averaging it on a weighted mean principle. On ships where the 
deceleration data looked reasonable it was given three tines the 
weight of other reported values and was averaged in on each ap- 
proximation, thereby forcing the dependent variables to closely 
conform to the actual deceleration test. To continue the case 
at hand - 

Check for consistency: 

(a x , 1st approx. Kb. , 1st approx. ) - 6.038X3.355 = 24.078 
(ag, » » )(b2, " " ) = 4.962X4.008 = 19.887 
Compared. .against the mean values of 
A x = 24.033 
A 3 = 19.755 

1st mean A x 24.033 

1 1st mean a, 6.084 

A n = (1st mean a*) (1st meanb x ) = 6.084 X 3.962 = 24.1043 = 

A x , .3d approx. 

1st mean A 3 = 13/755 ^ ^ - ■ 

^ 1st mean b 2 3.993 

" 1st nean A. = Ifl^W _ 3-99Q = 3d „ 

1st mean a 2 4.951 2 ' .... 

A 3 = (1st mean a 2 )(lst mean b s ) = 4.951 x 3.393 = 19.7693 = 

A s , 2d approx. 



N.A.C.A. Technical Note No. 247 



12 



Check for consist ency: . ,. 

(a x , 2d approx.)^, 2d approx.) = A x =6,065 X 3-950=23.9567. 

(a 2 , 2d 11 )(b 3 , 2d » ) = A~=4.947 X 3.990=19.738 = 

as compared against k t = 24.1048 b l5 2d approx. = 3.950 

A 3 = 19.7693 b 2 , 2d " = 3.990 

mean = 3.970 

b x A 1 a 2 bg ■ As 



Last mean 6.084 3.962 24.033 4.951 3.993 19.755 

2d approx. 6.065 3.950 24.1048 4.947 3.990 19.7693 
Mean value 

of b a & bs 3.970 o.970 

2d mean 6.074 3.961 24.0689 .4.949 3.984 19.7622 



2d moan A 1 


24.0689 


2d moan a x 


~ 3.061 


_ 2d mean An. 


_ 24.0689 


2d mean a! 


~ c.074 


= (2d mean a 


i) (2d mean 


2d mean A 3 


19.7622 


2d mean b 3 


3.984 


2d mean A 3 


19.7622 



- 6.0764 = &i, 3d approx. 

= 3.9626 = bi, 3d » 

b x ). = 6.074 X 3.961 = 24.0591 = A x 

3d approx. 

= 4.9603 = a 2> 3d approx. 



2 2d mean a 2 4.949 

A = (2d mean a 3 )(2d mean b 3 ) = 4.949X3.984 = 19-7168 = A 3 , 

3d approx. 

Check for consistency! 

(a Xi 3d approx. )(b x , 3d approx. ) = A x =6. 0764X3. 9626=24. 0783 
( %5 11 » )(ba, " " )= A 3 =4. 9603X3. 9931=19. 8069 

as compared against 
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A a = 24.0591 

A s --= 19.7168. 

~b x , 2d appxox. = 3.9626 

b 2j 11 » = 3.9931 

mean = 3. 9? 78 

a i b i A i 8a b s A s 

Last mean 8.074 3.961 24.0689 4.949 3.984 19.7622 

3d approx. 3.0764 3.9626 24.0591 4.9603 3,993 19.7168 

mean value 

bj, & b 3 3.9778 3.9778 

3d mean 6.0752 5.9S71 24.0640 4.9546 3.9849 19.7395 

3d mean A, 24.0640 
ai = Sd nean fc, = 3.9671 = S -° o58 = a >> 4th appxox - 

. 5d mzn A, = 24,0140 = _ „ 

1 3d mean a x 6,0752 x * 

A x = (3d mean a x )(3d mean b x ) = 6.0752X3.9671=24.1009 = Ax, 

4th approx. 

3d mean A 2 19,7395 „ 

= aa « m ^ = "3^49 = 4,9535 " • 4th approx ' 

= | d aean A, = i|i7||5 = 3 . 9B40 . b 4th „ 
3d mean a 3 4.9546 27 

A 2 = (3d mean a 3 )(5d mean b 3 ) = 4.9546X3.9849=19.7436 = A 2 , 

4th approx. 

Check for consistency: 

(a x , 4th approx. ) (bi , 4th approx. )=k 1 =Q. 0658X3. 9610=24. 0266 
(a a , » 11 )(b a , " « )=A 3 =4. 9535X3. 9840= 19. 7347 
as against 

A x = 24.1009 



A 2 = 19.7436 ' 1 1 u-.tiisjity 

Memorial Aeronautical 
i aboratorv 
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It is seen that rectangle No. 2 has reached consistency to 
three significant figures as specified, which are for engineer- 
ing purposes. 

a 3 = 4.95 b 3.93 ' A 2 13.7 
For check 4.95 X 3,98 = 19.7010 

Thus the value of b s = 3.98 can be averaged into the next 
approximation, the same as the mean of b x and b 2 was former- 
ly. The next approximation need only be carried out on rectangle 
No. 1 - 
Thus: 

Last mean = 6.0752 3.9671 24.0640 

4th approx. = 6.0658 3.9610 24.1009 

b 2 = 5.98 

4th nean = 6.0705 3.9649 24.0825 

_ _ A 4th me an _ 24.0825 _ A nfi7n _ „ a ^„„ v 
ai " b 4th mein" ~ 3.9694 = 6 * 0670 ~ a x» 5th a PP rox ' 

bl = A fl* meCT - = = 3.9671 = b a , 5th « 

1 a 4th mean 6.0705 ** 

A x a (4th mean a a )(4th mean b x ) = 6. 0705X3. 9694=24. 0962=A 1 , 

5th approx. 

Check for consistency (a ls 5th approxOCb^., 5th approx. )"= 

6.067X3.9671=24.068. 

It is seen that rectangle No. 1 has reached consistency to three 
significant figures as specified which are for engineering pur- 
poses. 

a 3 = 6.07 bi = 3.97 A x = 24.09 or 24.1 for 3 figure 
CJheck 6.07 X 5.97 = 34.C979. 
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It is here well to note that although human endeavor tried 
to make b x = b 2 it was bo tempered "by the reported values of 
hi and h 2 that they never did quite equal each other. Thus 
final values b x = 3.97 and h 2 = 3.98- 

So it can he seen that even though an assumption was made 
that the propeller efficiency of one ship is equal to that of 
another, they do not necessarily in the final values equal each 
other unless the reported data agrees close enough to make it 
so. 

. The interconnecting quantities between ships where no data 
wem available were propeller efficiencies and drag coefficients. 

The data obtained by direct observation are maximum speed 
and horsepower; drag coefficient (with dead or idling propellers 
as was the case at the given deceleration test). 

The data calculated from observed data are drag coefficient 
with engines having no propeller drag, propeller efficiency, 
maximum speed and propulsive coefficient. 

The data obtained where no deceleration test had been run 
were to consider as reported data a drag coefficient that lay 
between the ships built just before and after with due regard to. 
fineness ratio., type of cars and surfaces, contours of hull, etc. 
This assumed drag coefficient was forced by Lipka's method to 
vary if necessary to accommodate the drag coefficient as calcu- 
lated from maximum speed, horsepower and propeller efficiency 
or from area of drag. Likewise, in ships where propeller effio'i- 
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ency was not known by any data, it was assumed as between the 
ships on either side of it. This could not be much in error. as 
propeller efficiency at maximum speed was almost a continuous 
function. Then again the area of drag as found for ships on 
which deceleration test had been run, waB seen to be nearly a 
continuous function from one design to another. So where report- 
ed data were missing (two cases only) these assumptions were 
made. 

Great weight was given to the drag coefficients and propel- 
ler efficiencies as obtained from an actual known deceleration 
test. This was done by averaging this observed data in on each 
successive mean value} thereby forcing the conflicting reported 
data to conform to the deceleration test data. In some cases 
two deceleration tests of the same ship were found and they dif- 
fered in drag coefficient and propeller efficiencies. In such 
cases an average value was used for the initial reported data. 
After the fifth approximation the relative value of each quantity 
compared to the samo value of ships on each side of it was main- 
tained by avoraging in this interpolated value of drag coeffici- 
ent and propeller efficiency. These two quantities determined 
all the rest for each individual ship so gave twice the number 
of calculated values for quantities. Thus, on a particular ship 
a value of drag coefficient would be arrived at from the data 
pertaining to that particular ship* and another value of its drag 
coefficient would be arrived at by its relation to the ship's 
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"items" on each side of it, v/hich anounts to this: digest all re- 
ported observed data (giving great weight to deceleration tests) 
for five approximations, then calculate the relative values of 
similar quantities between eaoh item in succession. Then on each 
successive approximation, average in to its mean the interpolated 
values of drag coefficients and propeller efficiencies. Thus the 
relative values of quantities would have nearly the same relation 
between ships as found to exist on the fifth approximation and 
would be found to exist in the final analysis. 

Body of Report 

Preliminary calculations of data, and empirical digest of 
reported and deceleration test data to obtain consistent values 
of all necessary quantities. 

Liplca l s empirical method was used. This method, as ex- 
plained in the introduction, gives consistent results by chang- 
ing values that lie off the mean by arbitrarily moving (by aver- 
aging) them half way to that mean and then calculating the de- 
pendent variables. This was done for six dependent quantities: 
maximum air speed, horsepower at maximum speed, propulsive coef- 
ficient at maximum speed, propeller efficiency at maximum speed, 
area of drag, and whole ship's drag coefficient. 

It was found that the data thought reliable often moved 
slightly as it was not always consistent. 
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Preliminary approximate calculations were made on the rela- 
tive total drag of each ship, its approximate skin friction, re- 
sistance of the hare hull, etc. This was done purely to get a 
convenient arrangement of the ships, and not intended to be the 
basis for the subdivision of a ship 1 s drag into its component 
parts, as bare hull resistance and skin friction are only very 
approximate. Part II (Technical Note No. 248) deals entirely 
with the subdivision of the drag of airships. 

The quantity S = 11 characteristic length' 1 with power on and 
power off, was carried along through three approximations 
primarily to give a more accurate start to the system of approx- 
imat ions . 

Consistent results were obtained in eleven approximations 
when most quantities shewed a rapidly converging scrios of their 
differences with the previous approximation, and the differences 
yet to be so small as to show such a small numerical change in 
the dependent quantities that the limits of these series were 
taken as the final consistent values. The final values were 
then checked against each other by the formulas of their rela- 
tions (See Tables I to VIII given at the end of report). 

Assumptions 

i 

The justification for the relations between ships is based 
on these assumptions. The art of propeller design for airships 
showed nearly a continuous function over th3 time. The propel-. 



K.A.C.A, Technical Note No. 247 



19 



ler efficiencies gave several points on this function. It then 
v/as safe to assume that the propeller efficiency of a ship on 

which no deceleration data oould he found was between -"t;lia.t oh-' 

tained on the ships before and the ships after. This assumed 
propeller efficiency was given equal weight with reported (not 
deceleration test data) data on the first approximation. The 
same was done for whole ship's drag coefficient on the ships where 
no deceleration tests had "been ran, taking into account type of 
hull, volume, type of cars, surfaces, etc., and so, in fact, it 
became an interpolated value of the drag coefficient for use on 
the first approximation* 

Each ship's data wore then run independently of other ships 
for five approximations, giving greater weight to deceleration 
test data where available. At the end of the fifth approxima- 
tion the values of 0 ar.d E were compared to the items on each 
side of it and this relative position was kept by averaging in 
these, new interpolated values on all the approximations that 
follow. 
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L = Length of ship in feet. 

D = Maximum diameter of hull in feet. 

v - Air speed in ft./3ec. 

u max.~ Air p P ee & a "fc full throttle all engines. 

= Fineness ratio. 

A = Maximum cross sectional area in sq.ft. 

V or Vol. = Air volume of hull in cu.ft. 
v 

= Cylindrical coefficient. 

X = Distance from nose to maximum diameter in feet. 

X Also used to indicate type of series as in X, 0. 

r = Maximum radius of hull in feet, 

e = Eccentricity of nose ellipse. 

A s = Total surface area of hull in sq.ft. 

S.F. = Shin friction- 

Kp = Approx. drag coef . due to pressure difference. 
Kg = " " 11 « " skin friction. 

K = 11 ii. n ii n hull. 



Used only 
in first 
► approxi- 
mations. 



K = Propulsive coefficient in last approximations and final 
summaries. 

Pq = Full rated horsepower. 

^"maxT 17-1111 developed horsepower at full throttle all engines. 

i) = A tern that approaches propeller efficiency E. 

E = Propeller efficiency for whole ship. 
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E max. = Pr oP ellei ' efficiency with v max . and HP. max . 

P = Density of the air; consistently used as a constant of 
.00237 slugs/ cu.f t. 

Vjj - Virtual volume in cu.ft. 

S = (Jbaracteristic length in feet. 

Sp = " 11 .with power on in feet. 

A = Area of drag in sq.ft. 

Ap = " " " with power on in feet, 

0 = Drag, coefficient of whole ship in absolute units. 

Note.- Subscript numerals denote the number of the approximation. 
Primes (as X' , K» , £»')" » 11 " " " 

in the first few approximations . 

Where there are any approximations on a sheet, the whole 
sheet is labeled "Preliminary Calculations^" This is to 
prevent misuse of this article. 

Final results of Part I are summarised on Page 3. 
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Formulas 

HP .-, ^ - r x p x Vol- 5/3 t' 3 
HP -available - C x _ x 550 =, . 

HP. r = Horsepower useful in line of flight. 
HP. r _ D V 



E 



K 



K 



A P 



^•available 5o0 ^"available 

Propulsive coeff . = 3£ = 25(Y °V = p "'ffifc^' 

o Ap 550 BP . r 



Ap = Area of drag with power on (sq.ft.). 

Drag in pounds p = slugs/ cu.ft. 

A P p us v = ft. /sec 

— 2 — Ap = sq . f t . 

0 ■= Drag coefficient (absolute units). 
„ Dmg in pounds _ 23 

0 P a/ N 8/3 ~~ K 

~v 3 (Vol.) 
A-d 

0 = ° (absolute units) • 

(Vol.) 



_ 2E(Vol.) a/3 ..3E r P v 3 (Tol.f /3 
Ap 0 550 HP. 

3V n V M = virtual volume in cu.ft. = Vol. + SJ- 

s ? (r = max. radius of cross section). 

S p = characteristic length, power on (ft.) 

2^ 



Apower off = jp ~ S poweT off found from deceleration curve, 

y "power off 

A p - A pOT7er 0 ff = Area of drag, due to idle propellers. 

P = .00237 slugs/cu.ft. (All foregoing data based on the 

standard density of air.) 
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Formulas (Cont.) 
v max. = Velocity; air. speed. in ft. /sec. 



_ / HP. x 3 x 550 x E ( HP . = Max- HP- available.) 

r - ax ' J C § (7ol.f /3 (E = Pr ° p ° Eff ' ?* Umax * 

and HP. max .) 



HP. X 3 x 550 x E (HP. - any available HP. ) 

_ P _ N s/3 (E = Prop. Eff. at u and EP.) 

c 77 ( vol ; 



D = C £ v s ( Vol . ) 3/ 3 = Drag in pounds- 



HP. 



_ p v u = ft. /sec. 
r 550 D = pounds 



4-r = -§- (S = characteristic length); 



q = t -i 

^power off 1 _ 1 (From slope of i plotted 



v 0 against t during deceler- 

ation test.) 



« 
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Oonclus ion 

1. The consistent values obtained in the body of this re- 
port and given again in the Summary must be used in the light of 
the method by which they were obtained- Thus, it must be real- 
ized that the net errors on reported data compared to what actu- 
ally exists, are pro— rated around and that errors in deceleration 
test data are likewise pro-rated around until consistency is ob- 
tained. It can then be said that the values herein obtained are 
the probable relative values and thus for design and research 
purposes can be considered as a digest of past performance and 
deceleration data. 

2. Part II (T.2T. ITo. 248) deals with the subdivision of 
the Drag of Airships and this work presents (by the author) the 
point of preliminary calculations and a first VL curve for 
full size bare airship hulls, 

3. The range of application of the data obtained in Part I 
can not logically be applied to new designs that are not nearly 
similar to airships from which these data were obtained. How- 
ever, on the judgment of the designer, certain quantities such 
as drag coefficient and propeller efficiency may be used for 
ships of larger volumes, the accuracy of the results will large- 
ly depend on the assumptions made. Part II (T.N. No. 248) en- 
deavors to devise a method of calculating quantities concerning 
a new design. 
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Additional Reported Data 



It en 


Air 
Volume 

cu.ft. 


Dist .max. 
Ord . f ron 

Nose 
4» length 

^ -* — l— WAIq \J 4-4. 


Prop. 
Ooef. 

K 


Prop. 
Eff* 
at- 

S 


Drag 
•Ooef. 

0* 


Remarks 


3 ! 

I 


17.50 


16 


36 




pip 

Forr.ula C = ^ does 
K 

not always hold true 
with this data. 


9 
10 
11 


572000 



25.80 
23.62 
25.00 


10 
16 
19 


28 
33 
66 


.056 
.044 
.071 


12 
13 
14 


858000 


24.61 
22.40 
22.19 


26 
19 
24 


59 
57 
55 


.052 
.048 

.055 




15 
16 
17 




21.62 
21.40 
19.62 


32 
32 
36 


55 
58 
54 


.035 
.032 
.030 




18 
19 
20 


2149000 


30.80 
30.80 

30.80 


39 
47 
56 


56 
61 

61 

1 


.029 
.021 

,020 




21 
22 
23 


2640000 


30.80 
24.40 
24.40 


57 
58 
59 


•32 
.64 
65 


.020 
.020 
.019 


On this iten, data 
states skin friction 
= 82$ hull drag.' 


24 
25 


2400000 


30.80 
24.40 


59 
56 


65 
65 


.020 
.020 





In general this data conflicts with that given in the refer- 
ences. It is thus considered as reported data. 



A statement in the shove reported data, that skin friction = 
constant x V" 047 = $ of hull drag (where V - volume of hull) is 
not consistent with data reported for iten 22. 

*.For whole ship. 
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Fig. 3 



Plot of design Matory of American & German airships. Drag Coeffi- 
cient of whole ship vs. air volume of hull. Data from results of part I. 
(Each" plotted point is the plot of an item). 



